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New  Objectives  of  the  Project 

Investigation  of  PblxSrxSe  in  the  whole 
spectra  range  (x=  0-1).  Determine  the 
optical  parameters  and  fabrication  of 
detectors. 


Highlights  of  Current  Findings 


MBE  growth  of  thin-film  PbSrSe  on 


♦  Monocrystalline  Pb^S^Se  film  growth  in  the 
whole  spectra  range  (x=0-l) 


BaF2  and  Si  substrates 
Determine  basic  material  parameters 


♦  Temperature  Dependent  Eg  ,  absorption 

coefficients  and  refractive  indices  determined 
for  the  first  time 


Develop  processing  technologies 


Direct  to  indirect  band  transition  observed  for 
the  first  time. 


Applications  PbSrSe  Material 


•  UV-Mid-IR  detector 

•  RF/Microwave/Millimeter-wave  Technology 


Advantages  of  Pb^Si^Se 

•Huge  wavelength  coverage 
-multi- wavelength  detection 

•Good  material  quality  on  Si 
-  integration  with  Si  readout 
•Low  temperature  growth 
-ROIC  could  withstand 


Some  Related  Material  Parameters 


Materials 

Crystal 

structure 

Melting 
Point  ( °C) 

Lattice 

o 

constant  (A) 

a  (10-6  K-l) 

Bandgap 

Energy  (eV) 

SrSe 

Cubic  (NaCl) 

1600 

6.22* 

NA 

3.94*  (indirect) 
4.18*  (direct) 

PbSe 

Cubic  (NaCl) 

6.124* 

19.4 

0.265* 

SrS 

Cubic 

2226 

6.02 

NA 

4.7 

Si 

Diamond 

5.43095 

2.6 

1.124 

CaF2 

Cubic  (CaF2) 

5.464 

19.2 

12.1 

BaF2 

Cubic  (CaF2) 

6.20 

19.8 

10.4 

*  Data  determined  in  our  Lab 


CaF2  is  nearly  lattice  matched  to  Si  and  thermal  expansion  matched  to  PbSe  - 
an  ideal  buffer  layer  between  Si  and  epi-layer  to  reduce  dislocation  and  avoid 

cracking 


Composition  (x)  of  xSrxSe 


Composition  vs.  lattice  constant  for  PblxSrxSe  determined  by  X-ray 


Lattice  Constant 


Direct  to  Indirect  Band  gap  Transition 


Transmission  curves  for  Pb^S^Se  at  77K  plotted  in  logarithmic  scale.  (I):  PbSe,  (II): 
^^o.94^ro.o6^e’  0^)-  Pk0.88Sr0.12Se,  0^)-  Pb0  72Sr0  .|  8Se,  (V).  Pb0  78Sr022Se,  (VI).  Pb0  57Sr043Se, 
(VII):  Pb^Sr^Se,  (VIII):  Pb0.27  Sr0  73Se,  (IX):  SrSe. 


Direct  to  Indirect  band  transition  appears  at  x~0.2 


Refractive  Indices 


Refractive  index  of  Pb^S^Se  for  different  compositions  (x),  at  77K  and  at  room  temperature. 

Insert  in  the  figure  is  the  refractive  index  of  SrSe  at  77 K 


Bandgap  Energies  Of  Pb Sr Se 


Sr  composition 

Direct  and  Indirect  bandgap  energies  of  Pb^S^Se  at  77K  for  different  compositions 


PbSe  Schottky  contact  photovoltaic  detector 


Au  and  Pb  Finger  contacts 


Spectra  response 


Spectra  response  of  PbSe  detector  at  77 K  and  200K.  The  center  dip  is  due  to  C02  absorption. 
The  shoulder  noises  around  6  mm  are  caused  by  water  absorption. 


Future  Work 


Further  Development  of  Detector  Processing 

>  Passivation  using  BaF2 

>  Reduction  of  backgroup  carrier  concentration 

P-N  Junction  Mid-IR  Detector 
Resonant  Cavity  Enhanced  Mid-IR  Detector 


Detector  Array  On  Si 
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